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SULPDU\HQHUJ\VRXUFHVOLNHIRVVLOIXHOVDUHDOUHDG\XVLQJDWWKHLUFULWLFDOUDWHVZKLFKDOVRFDXVHVIRUHQYLURQPHQWDO
LVVXHV 7KLV VFHQDULR GHPDQGV WKH VFLHQWLILF FRPPXQLW\ DQG ZRUOGZLGH UHVHDUFKHUV WR FKRRVH RWKHU DOWHUQDWLYH
HQHUJ\ FRQYHUVLRQ WHFKQLTXHV WR FRQWULEXWH IXWXUH HQHUJ\ QHHGV $PRQJ PDQ\ DOWHUQDWLYHV VRODU HQHUJ\ LV
IXQGDPHQWDOO\ DQ LQH[KDXVWLEOH VRXUFH DQG SRWHQWLDOO\ FDSDEOH RI PHHWLQJ WKH VLJQLILFDQW SRUWLRQ RI WKH ZRUOG¶V
IXWXUHHQHUJ\GHVLUHV0RUHLQWHQVLYHDWWHQWLRQZDVIRFXVRQVRODUHQHUJ\IURPWKHHDUO\RI¶V6RODUHQHUJ\LV
DQ H[SHFWHG FKRLFH WR UHVROYH SUREOHPV DVVRFLDWHG ZLWK HQHUJ\ DQG HQYLURQPHQW ,W LV WKH PRVW SURPLVLQJ
XQFRQYHQWLRQDO HQHUJ\ VRXUFHV SDUWLFXODUO\ IRU FRQWULEXWLQJ LQ ORZ WHPSHUDWXUH DSSOLFDWLRQV 7KH VRODU HQHUJ\
FROOHFWLRQ KDV EHHQ WKH SULPDU\ LQWHUHVWV RIPDQ\ HQJLQHHUV DQG UHVHDUFKHUV GXH WR LWVZLGH DSSOLFDWLRQV VXFK DV
GRPHVWLFZDWHUKHDWLQJDQGLQRWKHUFRPPHUFLDODSSOLDQFHV
 6RODU HQHUJ\ FROOHFWRUV DUH PDMRU FRPSRQHQWV RI VRODU V\VWHPV WKHVH DUH WKH VSHFLDO NLQG RI KHDW
H[FKDQJHUVWKDWWUDQVIRUPVRODUUDGLDWLRQHQHUJ\LQWRLQWHUQDOHQHUJ\RIWKHWUDQVSRUWPHGLXP$PRQJPDQ\RIWKH
VRODU WKHUPDO FROOHFWRUV IODW SODWH FROOHFWRUV DUH VSHFLDO NLQG WKRXJK WKH\ SURGXFH ORZHU WHPSHUDWXUHV KDYH WKH
DGYDQWDJHV RI EHLQJ VLPSOHU LQ GHVLJQ QR WUDFNLQJPHFKDQLVP KDYLQJ ORZHUPDLQWHQDQFH DQG ORZHU FRVW (YHQ
VRODU FROOHFWRUV DUH H[LVWLQJ LQ XVDJH IRU GHFDGHV WKHLU WKHUPDO SHUIRUPDQFH LV FRQVLGHUDEO\ ORZ GXH WR WKH ORZ
FRQYHFWLYH KHDW WUDQVIHU FRHIILFLHQWV RI ZRUNLQJ IOXLG  7KH FRQYHUVLRQ RI ORZ JUDGH HQHUJ\ ZLWK LPSURYLQJ
HIIHFWLYHQHVV RI WKHVH VRODU FROOHFWRUV KDV EHHQ FDUULHG RXW E\PDQ\ UHVHDUFKHUV 6HOPL HW DO >@ FDUULHGRXW WKH
H[SHULPHQWV VRODU IODW SODWH FROOHFWRUV ZLWK ZDWHU DV ZRUNLQJ IOXLG DQG FRPSDUHG LWV SHUIRUPDQFH E\ FKDQJLQJ
GLIIHUHQW JOD]LQJ PDWHULDOV ,Q FXUUHQW DJHV VRPH UHVHDUFKHUV¶ XVHV QDQRIOXLG DV ZRUNLQJ PHGLXP LQ 6)3&V WR
LQFUHDVHWKHRYHUDOOKHDWWUDQVIHUFRHIILFLHQW,QWKLVFRQWH[W<RXVHILHWDO>@FRQVLGHUWKH$O2ZDWHUQDQRIOXLGDV
ZRUNLQJIOXLGDQGIRXQGWKDWWKHHIILFLHQF\LVLPSURYHGE\ZLWKZWQDQRSDUWLFOHV/XHWDO>@H[DPLQHG
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SHUIRUPDQFHRI6)3&6DOPD3DUYLQHW DO >@QXPHULFDOO\ LQYHVWLJDWHG WKHGLUHFWDEVRUSWLRQVRODUFROOHFWRUVZLWK
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WXEHVDQGFKDQQHOVDVZRUNLQJIOXLGIORZSDVVDJHV9DVXGHDYD.DUDQWK>@SHUIRUPHGD&)'VLPXODWLRQRIIODWSODWH
FROOHFWRUZLWKZDWHU DVZRUNLQJ IOXLG DW GLIIHUHQWPDVV IORZ UDWHV DQG WKH VLPXODWLRQ UHVXOWV VKRZV WKDW DEVRUEHU
SODWH WHPSHUDWXUH LV GHFUHDVHV ZLWK LQFUHDVH LQ WKH ZRUNLQJ IOXLG PDVV IORZ UDWH 0RVVDG DQG $O.KDIIDM\ >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LQYHVWLJDWHG WKH SHUIRUPDQFH RI 6)3& ZLWK VLQJOH URZ DQG GRXEOH URZ SDUDOOHO ULVHUV XVLQJ VWHDG\ ' &)'
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7KHSUHVVXUHGURSLQWKHIODWSODWHFROOHFWRUEHFRPHV
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7HPSHUDWXUHRI WKHZRUNLQJ IOXLG DW WKHRXWOHW RI WKH ULVHU LVSUHVHQWHG LQ)LJ ,W LV WREHQRWHG WKDW QXPHULFDO
UHVXOWVDUHZHOOPDWFKHGZLWKH[SHULPHQWDOZLWKUHVXOWVZLWKWKHGHYLDWLRQRIZKHUHDVGHYLDWLRQLQQXPHULFDO









)LJ  GHPRQVWUDWHV WKH HQKDQFHPHQW RI KHDW WUDQVIHU FRHIILFLHQW IRU QDQRIOXLG DV FRPSDUHG WRZDWHU DW GLIIHUHQW
PDVV IORZ UDWHV7KH FRQYHFWLYHKHDW WUDQVIHU FRHIILFLHQW LV FDOFXODWHGE\XVLQJ WKH(T  )URP ILJ  LW FDQEH
FRQFOXGHG WKDW WKH&X2QDQRIOXLGH[KLELWVPRUH µKI¶DPRQJWKH IOXLGVFRQVLGHUHG7KLV LVGXH WR WKH IDFW WKDW WKH
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FRQFHQWUDWLRQ DQG VRODU UDGLDWLRQ VLPXOWDQHRXVO\ ,W LV WR EH QRWHG WKDW VRODU UDGLDWLRQ YDOXHV DUH PHDVXUHG RQ
VXPPHU VROLFLWLFH GD\ DW:DUDQJDO ORFDWLRQ 1 ( 7KH WRWDO HQWURS\ JHQHUDWLRQ UDWH LV HVWLPDWHG E\
XVLQJ WKH(T  ,W LV WR EH QRWHG WKDW HQWURS\ JHQHUDWLRQ LV SURSRUWLRQDOO\ LQFUHDVLQJZLWK WKH VRODU UDGLDWLRQ
LQWHQVLW\ZKHUHDVYHU\PDUJLQDOFKDQJHLVQRWLFHGZKLOHYDU\LQJWKHQDQRSDUWLFOHYROXPHIUDFWLRQ+LJKHUHQWURS\















)LJ D VKRZV WKH WHPSHUDWXUH GLVWULEXWLRQ DW LQOHW FURVV VHFWLRQ DQG)LJ  E F	 G VKRZV GLVWULEXWLRQ RI
WHPSHUDWXUHYHORFLW\DQGWXUEXOHQFHUHVSHFWLYHO\DWWKHH[LWFURVVVHFWLRQIRUDSDUWLFXODUULVHU7KHWHPSHUDWXUHRI
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